Induction of Antiviral Resistance in Nicotiana glutinosa Plants by treatment with Trichothecium
Polysaccharide and its reversal by Actinomycin D (Accepted 28 February 1974) SUMMARY Trichothecium polysaccharide induced local and systemic resistance to infection by tobacco mosaic virus when applied to Nicotiana glutinosa leaves two days before virus inoculation. The resistance induced by 2"5 mg/ml of the polysaccharide was approximately halved by simultaneous application of I o #g/ml actinomycin D.
A heat-stable polysaccharide obtained from the mould Trichothecium roseum has been shown to be a non-toxic potent inhibitor of virus infection of plants (Gupta & Price, 195o; Bawden & Freeman, I952; Stahmann & Gothoskar, I958) . It was also the first antiviral agent of microbial origin to be shown not to combine with or inactivate viruses in vitro (reviewed by Bawden, I954) . Plants treated with Trichotheeium polysaccharide (T-poly) become insusceptible to infection by several unrelated viruses either completely or partially, depending on the identity of the host plant, the dose of polysaccharide and the length of time it remains in contact with the host (Gupta & Price, 1952) . Both Gupta & Price (I952), and Bawden & Freeman (I952) concluded that the action of T-poly is primarily directed against the host. Bawden (~ 954) suggested that the action of T-poly 'so alters the physiology of the treated plants that they no longer seem to be capable of supporting the virus multiplication'. In this paper we present evidence that actinomycin D prevents T-poly from inducing resistance to TMV infection in leaves of Nieotiana glutinosa.
The fungus Trieothecium roseum ex Fries, Himachal strain, was a gift from the Department of Plant Pathology (Dr H. S. Sohi), Himachal Pradesh, India. The fungus was maintained and produced T-poly in a medium containing 30 g sucrose, I g KH2PO4, 3 g NaNOa, o'5 g MgSO~.7H~O, o.oI g FeSO4.7HzO, I g peptone, IOg yeast extract (Oxoid) and I 1 distilled water, pH 6"5. When cultured in this medium plus agar, the fungus appeared to have the same properties as Price's isolate (Gupta & Price, 195o) . It produced characteristic growth and pink colouration, erect conidiophores and two-celled hyaline oblong to pyriform conidia terminally borne forming a small head.
For the production of T-poly, the fungus was grown for 28 days at 27 °C in stationary conical flasks (25o ml) containing 15o ml of the liquid medium. The mycelial mats were pooled and homogenized in their own culture filtrate. The slurry was passed through one layer of cheese cloth and the filtrate centrifuged at 3ooo rev/min for 3o rain. The supernatant fluid (crude culture extract) was collected and the vol. reduced under vacuum. Trichothecin (C19H2405), a phytotoxic component, occurring in mixture with T-poly, was removed by dialysis at 4 °C. T-poly was recovered (Bawden & Freeman, 1952) from the dialysed filtrate. The precipitate produced by IO ~ trichloracetic acid was discarded, and T-poly then precipitated by adding ethanol (5 vol.). The crude T-poly was then removed and frozen dried without any loss of activity, and is obtained as a pale pink powder. One litre of crude culture extract yielded about 2oo mg of T-poly. Nicotiana glutinosa seedlings were transplanted to 22-5 cm diam. pots and grown to a height of 20 to 25 cm. Unless otherwise stated, the growing tip of each plant was removed, leaving the four or five middle leaves for the experiments.
Tobacco mosaic virus (common strain) was maintained by regular passage in Nicotiana tabacum cv. NP3 I. Whenever needed, I g infected leaf showing obvious mosaic symptoms was crushed to a pulp in IO ml distilled water. The infected juice was squeezed out through cheese cloth, centrifuged at 3o0o rev/min for 30 min and the supernatant fluid diluted tenfold in water. Extract prepared in this way constituted the standard challenge inoculum.
Earlier tests indicated that rubbing solutions of T-poly on lower leaves of Nicotiana glutinosa plants invariably rendered upper untreated leaves refractory to virus infection. Hence in all experiments reported here only the basal two leaves, out of a total of four or five per plant, were treated by rubbing their upper surfaces with solutions of T-poly; the upper untreated leaves were rubbed with water. Two days later residual T-poly was washed off the ieaf surface using a jet of distilled water. Ten minutes later all leaves were inoculated using a forefinger dipped in inoculum. With control plants, the basal two leaves were rubbed with water in place of T-poly.
Actinomycin D (act. D, Mann) solution was rubbed on the basal two leaves of plants, either alone or mixed with T-poly. Table i shows that T-poly (final concentration, 2"5 mg/ml) decreased the number of lesions per leaf to 20 ~o of the control figure. Act. D treatment prevented about half of this decrease. The numbers of lesions in leaves rubbed with T-poly and the upper non-rubbed leaves were affected similarly. Essentially similar results were obtained using more dilute virus inocula. Table 2 presents results of an experiment in which the concentrations of T-poly and act. D were varied. Also, in this test, the test plants were not decapitated. Both T-poly and act. D decreased lesion number more strongly as their concentration increased. However, increasing act. D concentration from IO/~g/ml to 5o/tg/ml did not increase its effect in counteracting the inhibition caused by T-poly.
Act. D is an inhibitor of DNA-dependent RNA synthesis in plants (Bancroft & Key, I964) . The reversal of inhibition of virus infection by treatment with act. D may thus be interpreted to mean that RNA synthesis is required for the development of antiviral resistance induced in plants by T-poly. Further work is needed to ascertain the biochemical processes involved.
